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Abstract — Transformer is one of the most vital and costlier equipment in power system.When the transformer is
energized from a standard power source it draws a very high transient current which is called the inrush current. This
magnetizing inrush current causes system disturbances and damages the transformer windings. To improve this
situation inrush current is required to be reduced. This paper discusses inrush current limiters that reduce inrush
current at the time of switching of the transformer. Here, inrush current limiters using control switching and power
electronic converter- voltage source PWM converter are used. Simulations using MATLAB are carried out and results
are tabulated.

Keywords- Inrush Current Theory, Control Switching Method, Different Angle Scope output, Use of series connected
voltage-source PWM converter, Comparison of Technique

l. INTRODUCTION

During switching on the transformer the maximum value of flux will jump to double of its steady state maximum
value. As, after steady state maximum value of flux, the core becomes saturated, the current required to produced rest of
flux will be very high. So transformer primary will draw a very high peaky current from the source which is called
Energization inrush current in transformer.

The core is used with specify initial fluxes and saturated core. Some amount of flux provide in each phases to get
the value of inrush current. When the transformer energized, the flux of all three phases will increase and reached till the
maximum value of flux and after that maximum value, the flux will become saturated and draw more current from
source, which may be 5 to 10 time greater than rated current.

The main reason of saturation of flux is residual flux. Residual flux is nothing but it is some amount of flux which
remains in the transformer core at the time of de-energization of transformer. Residual flux is depending on the rating of
transformer and de-energization instant. It will have different value for different rating transformer.

In this paper Control Swithching Method and Power Electronic Converter use for mitigation of inrush current.

1. Inrush Current Theory

According to Faraday's law of electromagnetic induction the voltage induced across the winding is given as e = dg/dt.
Where ¢ is the flux in the core. Hence the flux will be integral of the voltage wave.
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Figure 1.The flux wave is initiated from the same origin as voltage waveform

e = E.sinwt =

de
/dt =p=[ edt=FE [ sinot.dt
If the transformer is switched on at the instant of voltage zero, the flux wave is initiated from the same origin as

voltage waveform, the value of flux at the end of first half cycle of the voltage waveform will be

@m-ﬂg.-u;fun sinwt. dt = qomfun sin wt.d(wt) = 2¢pm

Where em is the maximum value of steady state flux.
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The transformer core are generally saturated just above the maximum steady state value of flux. But in our
example, during switching on the transformer the maximum value of flux will jump to double of its steady state
maximum value. As, after steady state maximum value of flux, the core becomes saturated, the current required to
produced rest of flux will be very high. So transformer primary will draw a very high peaky current from the source
which is called magnetizing inrush current in transformer or simply inrush current in transformer.
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Figure 2. Waveform showing inrush current

Magnetizing inrush current in transformer is the current which is drown by a transformer at the time of
energizing the transformer. This current is transient in nature and exists for few milliseconds. The inrush current may be
up to 10 times higher than normal rated current of transformer. Although the magnitude of inrush current is so high but it
generally does not create any permanent fault in transformer as it exists for very small time. But still inrush current in
power transformer is a problem, because it interferes with the operation of circuits as they have been designed to
function. Some effects of high inrush include nuisance fuse or breaker interruptions, as well as arcing and failure of
primary circuit components, such as switches. High magnetizing inrush current in transformer also necessitate oversizing
of fuses or breakers. Another side effect of high inrush is the injection of noise and distortion back into the mains.

1. Control Switching Method

MATLAB is user friendly software with simpower system toolbox. A test is driven on 250 MVA, 20kV/230kV
Saturable Transformer in MATLAB/SIMLINK environment.
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Figure 3. Matlab Model

The switching time of circuit breaker is changed from 0° to 30°, 60° and 90° and various results are observed and
analyzed. The calculations for switching angle are given as below-

Time duration for 50 cycles = 1000 msec

1 cycle = 0.02 sec (360 Dgree)

For switching Time for Circuit Breaker with 0°,30°,60°,90°Angle apart-
0°=0 sec , 30°=0.00166 sec,60°=0.00333,90°=0.005 sec,

Inrush Current at Different Switching angle waveform bellow
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Figure 6. Current wavefor 60° Figure 7. Current waveform at 90°
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B. Table (1) of Simulation Output at different angle

Angle Inrush Current (A)
0° 9307

30° 5237

60° 47

90° 35

It is observed when the transformer is operated at an angle of 90 degree the value of the inrush current was found
to be minimal.

V. Use of seri ted voltage-s e PWM converter
I h' echnique h nsformer is ¢ d h ce,while suppressing the h cur s done by a
S d PWM rter. The series compe j S a compensatlng current on th d y winding of
the series transf Th p g cur ppI d by t h S compensator has oppos p olarity to that of
inrush current pro d d by t h S bI f ormer.
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In the proposed circuit shown in Fig. 5, Tr0 is the main transformer causing the inrush current phenomenon. A
small-rated voltage-source PWM converter is connected in series between the main transformer Tr0 and the source Vs
through a matching transformer Tr1.
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Figure 8. Voltage source PWM converter type inrush current

Figure 9. Simulation set up of using series connected voltage source PWM converter

The PWM converter acts as a resistor where the sine-triangle intercept technique is used. This strategy with
control reference signal for generate switching signals operated at a resistance of K[Q] with respect to the transformer
primary current, and the inrush current accompanying the input of the transformer is suppressed. As a result, the inrush
current is well suppressed with such a new control approach.

The inrush current that accompanies power flow to the transformer can be suppressed. This method
requires no information of the transformer, amount of residual flux, phase angle and so on.

Vout = K Isource
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The control gain K must be determined so that a voltage that does not exceed the saturation flux value is not

applied to the transformer.

A. Simulation Result

Figure 10. Current waveform after using series connected voltage source PWM converter.

With 20KV primary supply given, keeping secondary open, the inrush current observed is as 9307A as shown in

Figure 2 . Using series connected voltage source PWM converter Inrush Current reduced to 15A as shown in Figure 7.

V. CONCLUSIONS

Thus the inrush current phenomenon is investigated on a transformer by using the MATLAB Simulink model. It
is seen that the peak value of magnetizing inrush current is very high as compared to the normal magnetizing current and
when the transformer was operated at an angle of 90 degree the value of the inrush current was found out to be minimal.

In this paper, techniques using power electronic converters to suppress the transformer inrush Current are studied
and verified. Main advantages of these methods are simple power circuit, reliable operation, no information required

about residual flux, switching instant, etc. Also the cost of these current limiter is less. From the results obtained main

conclusions can be summarized from table shown below.

A. Table (2) Comparative Analysis of Methods Using Power Electronic Converters Used to limit the Transformer

Inrush Current.

Technique Current without Current with
Limiter(A) Limiter(A)
Control Switching Method 9307 35
9307 15

PWM inverter

Series connected voltage-source
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